OBJECTIVES: To analyse the factors associated with in-hospital mortality and mid-term significant neoaortic valve regurgitation (AR) after truncal valve (TV) repair.
INTRODUCTION
Truncus arteriosus (TA) is a congenital heart disease occurring in approximately 0.04 per 1000 live births [1] and its standard of care is nowadays represented by complete repair at a neonatal age [2] . Truncal valve (TV) incompetence is a challenging complication of this lesion, and its quantification prior to repair may be particularly difficult [3] . Its occurrence can have a significant impact on the results of corrective surgery of TA both in terms of early [4, 5] and late [6] mortality. Timely indication for valve surgery either at repair or during follow-up may counteract the detrimental effects of TV regurgitation represented by decreased diastolic coronary perfusion pressure and increased ventricular volume load [7] . Different techniques to treat TV incompetence have been described, such as double homograft repair with coronary reimplantation [8] or valve replacement with mechanical prosthesis. Nevertheless, both surgical options are associated with a need of reintervention, prosthetic valve endocarditis and anticoagulant therapy [3] . Therefore, optimal surgical treatment should be based on neoaortic valve repair, although long-term outcome of conservative surgery for aortic insufficiency in children with TA remains unknown [9] . Several groups have reported their long-term results after treatment of TV dysfunction in paediatric patients [4, 7, 9] . Here, we report a single-institution experience with TV repair and analyse the factors associated with in-hospital mortality and mid-term significant neoaortic valve regurgitation (AR).
MATERIALS AND METHODS

Study design
We retrospectively reviewed medical records, echocardiography studies, surgical reports, discharge summaries and clinical followup reports of all consecutive patients with significant either preor postoperative TV regurgitation undergoing surgical repair from July 1999 to March 2012 at our institution. The Institutional Scientific Board of the Bambino Gesù Children's Hospital approved the study and waived the requirement for written informed consent.
We collected sex, age and weight at surgery, TA anatomy according to Van Praagh classification [10] and associated lesions, previous operations, TV morphology, the degree and mechanism of AR. Truncal or neoaortic valve anatomy was classified in quadricuspid or tricuspid based on the number of valve cusps. We also analysed operative data, such as cardiopulmonary bypass (CPB) time and aortic cross-clamping (XClamp) time, type and timing of surgical repair. TV repair was performed during the primary correction of TA or at the time of either first or second right ventricular-pulmonary artery conduit (RV-PA) replacement. After TV repair, we analysed neoaortic valve function in order to define the degree and progression of residual AR, eventually leading to reintervention. Reintervention was defined as a new surgical procedure performed after TV repair related to dysfunction of the neoaortic valve. The primary outcome variable was represented by mid-term significant (moderate to severe) AR defined echographically on colour Doppler with a regurgitant jet width >70% compared with the diameter of the high outflow tract [11] associated with the presence of holodiastolic flow reversal in the descending aorta below the diaphragm. The secondary outcome variable was represented by hospital mortality.
Surgical technique
All patients underwent surgery through median sternotomy and high-flow CPB by aortic and bicaval cannulation with moderate hypothermia and cold blood cardioplegic cardiac arrest. The surgical strategy was different when valve repair was performed during the primary correction of TA or thereafter. During primary repair, valve surgery was performed after truncal transection and the separation of the pulmonary component and its distal anastomosis to a valved conduit. Valve repair was carried out before ventricular septal defect (VSD) closure. Right ventriculotomy was performed by introducing a right-angle dissector through the repaired neoaortic valve and the VSD. Continuity of the ascending aorta was then re-established and cardioplegia infused into the aortic root in order to assess from below, through the ventriculotomy, the degree of static neoaortic valve competence. When valve repair was performed at a subsequent procedure after TA repair, the neoaortic valve was approached according to the standard technique used for aortic valve surgery. In each case, the neoaortic valve was inspected to determine the number of cusps, the cause of insufficiency and the anatomical defects at different levels: the annulus, the valve leaflets and sinuses, and the sinotubular junction. The surgical technique varied depending on both the TV morphology and the intraoperative transoesophageal echocardiogram showing where the insufficiency occurred. Repair was performed by bicuspidalization or tricuspidalization of the native tricuspid or quadricuspid TV. Techniques used included either leaflet approximation or leaflet and related sinus of Valsalva excision.
The former technique, applied in 2 patients, is illustrated in Fig. 1 . In both cases, at surgical exploration, a trileaflet dysplastic TV was evident, with a dominant left coronary cusp and a noncoronary cusp ( placed in a position diametrically opposite to the usual in the normal anatomy of the aortic valve) of small size, both prolapsing and interpreted as the major cause of poor leaflet coaptation leading to a central leak ( Fig. 1A) . A TV bicuspidalization was then performed through complete approximation of the small non-coronary leaflet to the adjacent right coronary one using interrupted polypropylene sutures associated with a central triangular resection of the opposite dominant left coronary leaflet (Fig. 1B) . In both cases, an annular reduction was carried out by means of bilateral obliteration of the subcommissural triangles. On the other hand, the leaflet and related sinus of Valsalva excision techniques were applied in the remaining cases (Fig. 2 ). First of all, special care was applied to identify the cusp to be removed. The smallest leaflet was always selected for excision and demarcated with two stay-sutures passed through its commissures ( Fig. 2A ). At this point, remaining within the space delimited by the stay-stitches, the cusp was resected together with the corresponding sinus of Valsalva ( Fig. 2B ). Then, the adjacent margin of the annulus was sewn through a double subcommissural running suture and a new commissure reconstructed with a double-pledget reinforced suture ( Fig. 2C and D) . When the origin of a coronary artery was judged too close to the sinus to be removed, leaflet excision was associated with coronary detachment before cusp removal, followed by coronary relocation into the neighbouring sinus of Valsalva, in order to avoid coronary traction after annular reduction. After surgery, a new intraoperative transoesophageal echocardiogram was performed to evaluate the competence of the repaired neoaortic valve in all cases. 
Statistical analysis
STATA software, Version 11.1 data analysis and statistical software (StataCorp LP, College Station, TX, USA) were used for statistical analysis. Continuous variables were reported as median and range and categorical variables as proportion. T-test or Wilcoxon rank-sum test was used for the analysis of continuous variables as appropriate; χ 2 or Fisher's exact test was used for categorical variables as appropriate. Survival curves for freedom from significant AR were obtained using the Kaplan-Meier method, and comparisons were performed with the log-rank test. The continuous variables examined included age and weight at treatment, which were dichotomized at a cut-off of 1 year and 3 kg, respectively, to explore the effect of younger age and low body weight on outcomes. A P-value of 0.05 was considered significant. All tests were two-sided.
RESULTS
Eleven children underwent TV repair at our institution during the study period. There were 9 males and 2 females. Median age and weight at surgery were 29.6 (range 0.3-173.2) months and 12 (range 2.2-49) kg, respectively. According to the Van Praagh classification, TA was Type A1 in 6 patients (54.5%), A2 in 3 (27.2%), A3 in 1 (9.1%) and A4 in 1 (9.1%). Valve anatomy was quadricuspid in 7 (63.6%) patients and tricuspid in 4 (36.4%). In 3 (27.3%) patients, TV repair was performed during primary correction of TA, in 5 (45.4%) at the time of the first RV-PA conduit replacement, and in 3 (27.3%) at the time of second conduit replacement. The mechanism of preoperative AR was related to poor leaflet coaptation with central leak and annular dilatation (7 patients, 63.4%) or peripheral leak and cusp hypomobility (4 patients, 36.6%). Patient characteristics including preoperative diagnosis, type of TV and degree of AR are reported in Table 1 . Median CPB and XClamp times were 250 (range 177-371) and 111 (range 82-142) min, respectively ( Table 2 ). In 1 patient, a period of 28 min of deep hypothermic circulatory arrest was necessary for the aortic time of the procedure due to low patient weight and shortness of the ascending aorta. Techniques for TV repair included bicuspidalizazion through approximation of two leaflets associated with triangular resection of the opposite one in 2 (18%) patients and either bicuspidalization or tricuspidalization of TV through excision of one leaflet and related sinus of Valsalva in 9 cases (82%, Table 2 ). In the latter group of patients, 3 (30%) requested coronary detachment before cusp removal followed by coronary reimplantation due to coronary arterial impediment.
Treatment and outcome
There were 2 early in-hospital deaths (18%). One patient was a low-weight (2.2 kg) infant who underwent TV repair by cusp removal without coronary reimplantation and died intraoperatively of coronary insufficiency, probably due to coronary traction. The second patient was a preterm neonate with respiratory distress due to pulmonary lymphangectasis (post-mortem diagnosis), who underwent TA and TV repair (tricuspidalization through cusp removal) and elective support with veno-arterial central extracorporeal membrane oxygenation (ECMO). Optimal TV competence allowed uneventful veno-arterial ECMO support. As a consequence of severe respiratory failure, a prolonged run of venovenous ECMO was eventually necessary. Eventually, RV-PA conduit endocarditis led to thrombosis, and death occurred on the 47th postoperative day. Follow-up was complete for all patients, with a median follow-up time of 52.2 (range 2.5-132.2) months. Five (55%) patients showed insignificant (trivial or mild) aortic regurgitation, whereas 4 developed significant (45%) AR. Freedom from significant AR was 76.2 (33.2-93.5) and 60.9 (20.2-85.6) at 1 and 2 years, respectively ( Fig. 3 ). Freedom from reintervention at 2 years was 91%. Severe AR was present in 2 children. The first patient underwent aortic valve repair by approximation of two leaflets associated with triangular resection of the opposite one without cusp removal. This patient is awaiting surgery at the time of this study. The second patient underwent bicuspidalization of TV through the right leaflet and sinus of Valsalva excision followed by coronary reimplantation at the time of TA repair. This baby underwent valve replacement by means of a biological aortic valve (Trifecta™ 19-size aortic valve, St. Jude Medical, Minneapolis, MN, USA). The occurrence of severe AR in the latter patient 4 months after TA repair was acute and unexpected, despite a satisfactory early postoperative two-dimensional echo appearance of the valve showing mild AR at the neo-commissural level. Intraoperative direct inspection of the valve showed disruption of the anterior neo-commissure with tearing of the posterior aortic leaflet starting at its level. Risk factors for hospital mortality were age <1 year (P = 0.05), weight <3 kg (P = 0.02) and longer XClamp time (P = 0.008; Table 3 ). There was a trend towards longer freedom from mid-term significant AR for patients who underwent cusp removal compared with those who did not (P = 0.07; Fig. 4 ).
DISCUSSION
TV dysfunction has been recognized as a risk factor for repair of TA [2, 4, 12] . The long-term survival after TV replacement with the mechanical valve or allograft substitute in neonates remains McElhinney et al. [3] reported an increased rate of early mortality in children undergoing TV replacement and the occurrence of severe allograft insufficiency <1 year after allograft TV replacement. Based on the absence of ideal TV substitutes and the recent improvement in reconstructive techniques of the aortic valve, particularly in young adults, the current approach to the treatment of AR in TA relies almost exclusively on reparative techniques [13] either during TA repair or at the time of reoperation. Freedom from reintervention after TV repair has been described in several small series with variable results [3, 14, 15] . The aim of repair was to reduce the size of the annulus and to adjust the leaflet coaptation by leaflet excision or suturing [15] . Consistent with previous reports, we showed a correlation between surgical complexity reflected by the longer duration of XClamp and in-hospital mortality [9, 16] . Younger age and weight at the time of TA repair were also associated with in-hospital mortality. Our institutional policy is based on the aggressive approach to TV for valvuloplasty at the time of neonatal primary repair when significant (moderate or severe) AR is present [5] to avoid the risk of prolonged myocardial ischaemia [2] . Different surgical reparative strategies are reported in the literature [2, 9, 16, 17] . In the majority of cases, we performed the technique of repair described by Mee and colleagues [18] and Mavroudis and Becker [15] where the bicuspidalization/tricuspidalization of TV was achieved through excision of smallest leaflet and related sinus of Valsalva. By this technique, the smallest leaflet was removed with the corresponding segment of annulus, and the remaining annular edge was sutured together to create a reduction annuloplasty. The benefit of this annulo-valvuloplasty lies in permitting the remodelling of the neoaortic valve without suturing on the leaflets, which are often myxomatous, particularly in neonates, and more likely to get injured. The use of the Mee technique, as opposed to approximation of adjacent cusps, avoids excessive stress on the repair during systole and supports the aortic pressure during diastole with no risk of leaflet suture disruption [15] . In our experience, such a technique was successful in all patients but one, who experienced acute significant AR leading to valve replacement 4 months later. At repair, we removed the right-coronary leaflet, which appeared at inspection as the smallest and most dysplastic and performed rightcoronary artery relocation. Right coronary leaflet removal prevented subannular reduction plasty, as in such a position the TV overrode the crest of the ventricular septum through the VSD: a sort of pouch formed by the ventricular wall and the patch of VSD closure was then left below the neo-commissure (Fig. 5) .
The blood flow turbulence within such a pouch probably resulted in increased stress on the ventricular side of the neocommissure and eventually caused its early disruption. Therefore, despite the fact that the cusp removal technique would allow the sacrifice of the smallest cusp, we suggest avoiding the excision of the cusp overriding the area of VSD closure in order to prevent adjunctive stress on valve repair. Another potential disadvantage of cusp removal annulo-valvuloplasty is the possibility of inducing myocardial ischaemia due to coronary insufficiency related to traction after annuloplasty. Based on such experience, we forced the indication to coronary detachment before cusp removal and after valve repair we performed coronary relocation. The familiarity with the trap-door technique for coronary reimplantation during the arterial switch operation allows the safe performance of coronary relocation for TV repair, thereby avoiding the potential risk of coronary distortion intrinsic to the cusp removal technique. This study has some limitations, mainly related to the small number of patients and short follow-up time. The fact that it gathers together cases of primary and secondary TV repair may represent a further limitation. However, our experience suggests that conservative TV repair in children with TA can be performed safely with fairly good and durable results. The correct application of the cusp excision technique might decrease the rate of postoperative severe AR. When such a technique is applied, 
APPENDIX. CONFERENCE DISCUSSION
Dr B. Asfour (Sankt Augustin, Germany): Truncal valve incompetence is a surgical challenge and quantification may be particularly difficult. Surgery for truncal valve incompetence at the time of initial surgery is well known to be associated with a high rate of early and, especially, late mortality, which was intensively discussed yesterday, as well as the importance of the decision for repair to be made at the initial operation. The authors report on their experience and outcome of 11 truncal valve repairs over a period of 13 years. The techniques used were triangular resection, bicuspidalization, tricuspidalization through excision of one leaflet and related sinus, and in some cases the coronaries had to be detached and reimplanted.
In your manuscript you state that your institutional policy is based on an aggressive approach to the truncal valve involving valvuloplasty at the time of neonatal primary repair when significant (moderate or severe) truncal valve regurgitation is present to avoid the risk of prolonged myocardial ischaemia. However, in only three out of the 11 patients who were treated, was the truncal valve repair performed at the time of primary correction, and these three were neonates. Altogether you did not have any infants, and we saw this in the table. There are no patients between two and 12 months, and the other patients have a mean age of 60 months, which is five years. Then two of these three patients who underwent primary repair as neonates died. You alluded to these two cases and you concluded that long cross-clamp times, age below one year and weight of less than 3 kg were factors associated with early mortality.
So my question is, from a statistical perspective I would like to ask you about this very heterogeneous patient group, because you are comparing three neonates (with two deaths) with nine patients who are much older.
Dr Perri: The heterogeneity of the patient population is one of the main limitations of our study. It should be noted that only one of the three deaths in the neonates was procedure-related. Also, the purpose of our study was not to compare neonates with older patients, but to compare the two techniques used and to explore the possible benefits of annulo-valvuloplasty by the cusp removal technique compared to more complex techniques aimed at direct manipulation of the valve cusps ( particularly in the newborn with fragile, myxomatous valvular tissue).
Dr Asfour: And my second question is, in the manuscript you did not mention the underlying whole cohort of patients with truncus arteriosus. So it is difficult to compare your data with other publications for the rate of truncal regurgitation. Could you please comment on that and evaluate the results in comparison with other data and could you share with us your current policy, as you mentioned that you are aggressive; do you actually treat them in the neonatal period?
Dr Perri: I have no data to determine the rate of truncal valve regurgitation at the time of repair of truncus arteriosus in our whole series. However, what we have learned from our experience and have applied more recently, taking into account the data from the literature, is to aggressively approach haemodynamically significant truncal valve regurgitation at the time of primary repair using the cusp removal technique.
